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Abstract
Background:  Children's food choices are guided by their preferences. However, these
preferences may change due to repeated exposure.
Methods: This study investigated children's (n = 242, 7–12 yrs-old) liking and wanting for snacks
over 3 weeks of daily consumption. The snacks differed in size (small vs large) or flavour (sweet vs
sweet-sour). Two conditions were designed: 1) a monotonous group in which children
continuously consumed the same snack across the 3 weeks, and 2) a free choice group in which
children were allowed to freely choose amongst 3 different flavours of the snack each day during
3 weeks.
Results: Shape influenced long-term liking, i.e. small shaped snacks remained stable in liking over
repeated consumption, whereas large shaped snacks with the same flavour decreased in liking.
Mean wanting ratings for all snack products decreased over 3 weeks daily consumption. Flavour did
not significantly influence liking and wanting over time. The ability to freely choose amongst
different flavours tended to decrease children's liking (p < 0.1) and wanting (p < 0.001) for these
products. Changes in liking rather than initial liking was the best predictor of snack choice during
the intervention.
Conclusion: Wanting rather than liking was most affected by repeated daily consumption of snack
foods over three weeks. In order to increase the likelihood that children will repeatedly eat a food
product, smaller sized healthy snacks are preferred to larger sized snacks. Future research should
focus on stabilizing wanting over repeated consumption.
Background
Children's liking of the taste of a product has been identi-
fied as the most important determinant of children's food
choice [1-3]. Several tests have been developed to measure
children's liking (see [4] for review). Most of these tests
use a one-off tasting to predict which products children
like best. However, the taste children like (i.e. liking for
sweet and dislike for bitter taste) changes during the life
span [5-7] and across weeks, due to for example repeated
exposure.
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It has been argued that repeated exposure to a particular
food can lead to an increase in liking of this food. It needs,
however, to be noted that most of these studies were per-
formed with foods which were quite different from each
other (e.g. different vegetables or fruits) [8] or were novel
to the child [9]. This makes it difficult to determine which
specific product properties (e.g. flavour profile, appear-
ance, size) are important for a change in liking after
repeated exposure.
It could be that liking for some products increases after
repeated exposure, whereas liking for other products
remain stable or decreases after repeated exposure. Liem et
al [10] found that repeated exposure (i.e. 8 days, once a
day) to a sweet drink increased children's liking for this
drink. In contrast, repeated exposure to a sour drink,
which was at the start similarly liked as the sweet drink,
remained stable in liking. It remains to be investigated
whether sweet-sour balance also plays a role in changes in
liking for solid foods after a daily exposure during several
weeks.
In adults changes in liking after repeated exposure has
been investigated extensively. In these studies repeated
exposure generally did not result in an increase in liking
but rather a decrease in liking. This has been referred to as
boredom or monotony, which can be defined as the low-
ered acceptance of a food as a function of the number of
times a food is consumed (Sigel & Pelgrim, 1958 in [11]).
Boredom can be caused by either neurophysiological
responses, i.e. a decrease in actual liking caused by satia-
tion with specific attributes of the consumed food, and/or
cognitive response, i.e. a decrease wanting to eat the food
[12,13]. These two causes have previously been set out as
liking vs wanting. Liking can be defined as the pleasure
derived from oro-sensory stimulation of food. Wanting
can be defined as incentive salience, the motivation to
engage in eating [14]. Extensive animals research by Ber-
ridge suggests that liking and wanting have separate neu-
ral substrates (i.e. dopamine vs opioid) and can act
independently. This has been replicated in humans by
using specific dopamine and opioid antagonists (see [15]
for review). It has been suggested that liking and wanting
play an important interdependent role in food choice and
consumption in adults [14,16].
Studies which focussed on children's liking and wanting
as separate pathways for food choice are scarce. Previous
studies either measured liking and wanting as one concept
[17,18], only measure one of the two pathways [19,20], or
did not investigate which product properties are associ-
ated with a decrease in liking and wanting [21]. In order
to investigate changes in liking and wanting for foods chil-
dren have repeatedly been exposed to, we may learn from
research conducted with adults.
It has been argued that the size of the food eaten plays an
important role in the decrease of liking and wanting after
repeated exposure. A recent study of Weijzen et al. sug-
gested that after repeated consumption of small snack
foods a statistically significant decrease in wanting but not
in liking was observed. After a repeated consumption of
large snack foods a statistically significant decrease in
wanting and liking was observed [22]. They argued that
the oral sensory stimulation that positively relates to the
size of the food is related to liking and wanting. In this
study, however, they investigated changes in liking and
wanting within one meal consumption rather than over
an extended period of time. It remains to be investigated
whether size also influences liking and wanting after daily
consumption of these foods for several weeks.
Furthermore, it has been suggested that a decrease in lik-
ing and wanting (measured as boredom) after repeated
exposure can be minimized by giving adult [12,23] or
children [21] a choice between different products. Hypo-
thetically, in a choice situation participants have a larger
feeling of control of what they eat, which decreases the
perceived boredom [12].
The current study investigated three hypothesis related to
children's change in liking and wanting. The first hypoth-
esis concerned the influence of sweet-sour balance on
children's liking and wanting. It was hypothesised that
after daily consumption for three weeks, the liking and
wanting of sweet snack foods would increase and the lik-
ing and wanting of sour snack foods would remain stable.
This was tested by means of snack products which flavours
were either Sweet or Sweet-Sour.
The second hypothesis concerned the influence of snack
size on children's liking and wanting. It was hypothesised
that Small sized snacks (e.g. nibbles) resulted in less
decrease of liking but not wanting over daily consump-
tion for three weeks than Large sized snack (e.g. bars). This
was tested by means of snack products which differed in
size.
The third hypothesis concerned the influence of choice on
children's liking and wanting. It was hypothesised that
children who could freely choose between snack products
which differed in flavour and size would express a lower
decrease in liking and wanting, over daily consumption
for three weeks, than those who were not given a choice.
Methods
Participants
Children were recruited during door to door interviews in
the Istanbul metro area in Turkey. Exclusion criteria were
reported allergies for chocolate, polenta, sugar, dairy
products, corn, corn oil, hazelnut or caramel. In addition,International Journal of Behavioral Nutrition and Physical Activity 2009, 6:38 http://www.ijbnpa.org/content/6/1/38
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children were excluded from participation if they partici-
pated in any research concerning snack products in the
past month. Initially 341 children started the study and
242 (n = 122, 7–9 yrs, n = 120, 10–12 yrs; 122 girls, 120
boys) completed the study. During the 3-week course of
the study children dropped out of the study because of
various reasons e.g. parents no longer gave permission or
children did not want to participate any longer, failed to
conduct the in-home liking test, or failed to give the prod-
ucts every day. The study was carried out according the
ESOMAR ethical standards embodied in the ICC/ESO-
MAR Code of marketing and social research practise.
Informed consent was obtain from the participants prior
to participation
Stimuli
The stimuli comprised of 5 snacks. Two had the same size
(Small) but were different in flavour (Sweet vs Sweet-Sour
flavour). Two had the same flavour (Chocolate Hazelnut)
but were different in size (Small vs Large size). One snack
was used as control-snack (Small size, caramel flavour).
This product was only tasted during the baseline and end-
measurement.
The Small sized snacks were on average 1.5 gram and 2.5
cm × 1.5 cm × 1.0 cm in size and presented in bags which
contained 36 grams of snacks each (Unilever, Turkey).
The Large size snack was on average 16.0 gram and 9.0 cm
× 4.0 cm × 1.0 cm in size and presented in bags which con-
tained 2 bars (Unilever, Israel). Both Small and Large
snack foods comprised of a crunchy outer layer and a
cream filling. The percentage cream relative to the weight
of the snacks was kept constant. Per 100 gram the snacks
contained 454 kcal- 63 carbohydrates, 9 gram protein and
16 gram fat. All stimuli were presented in non-labelled
packs of aluminium foil which prevented light oxidation
(see Table 1).
Study design
Overview
To test the hypotheses a between subject design was cho-
sen. Children were asked to consume either Small choco-
late-hazelnut, Large chocolate-hazelnut, Small sweet or
Small sweet-sour snacks for a period of 3 consecutive
weeks. Just before and at the end of the 3 weeks children's
preference, liking and wanting for all snack foods were
tested. After each week of exposure children's liking for
snacks they consumed that week was tested (see Figure 1).
Liking and wanting was individually measured in chil-
dren's home by a trained interviewer. Parents were
instructed to offer the snacks at the same time every day to
minimize variation due to the time of day.
Group composition
Because in a real life situation children would choose to
eat products they like, children were grouped based on
their initial liking for the products, which resulted in 6
groups. Children who preferred the Small snack with
Chocolate Hazelnut flavour either as their most or second
most favourite were placed in the group that received this
snack daily for three weeks (Group Small chocolate-hazel-
nut, n = 41). In a similar way a Large chocolate-hazelnut
group (n = 41), a Small Sweet group (n = 40), and a Small
Sweet-Sour group (n = 40) were composed. A fifth group,
whose children were randomly chosen from the previous
groups (before the intervention started), was given a free
choice of three different Small snacks (Small chocolate-
hazelnut, Small Sweet, Small Sweet-Sour) (hereafter
referred to as CHOICE group, n = 40). Every day children
in the CHOICE group were presented with three bags of
small snacks of which they could choose one to consume,
after sampling one snack from each pack. The 6th group
did not receive any snack foods other than at the begin-
ning and the end of the intervention (hereafter referred to
as CONTROL, n = 40).
Sensory measures
Preference and liking
Preference was measured by means of a rank-order
method. Children were presented with all the different
snacks. The interviewer asked the child to taste all the
snacks and point to the one he or she liked best. This
snack was removed from the table after which the proce-
dure was repeated with the remaining snacks until all were
place in a rank-order from most to least liked [24]. The
least liked snack was assigned 1 point, the most liked was
assigned 5 points. All other snacks where given points
between 1 and 5 according their position in the preference
rank-order.
Table 1: Product characteristics (Flavour, maximum serving per day and abbreviation)
Format Flavour Maximum Serving per day* Abbreviation
Small Chocolate Hazelnut 1 bag = 32 gram Small chocolate-hazelnut
Large Chocolate Hazelnut 2 bars = 32 gram Large chocolate-hazelnut
Small Orange Bubble gum 1 bag = 32 gram Small Sweet
Small Orange Bubble gum with citric acid 1 bag = 32 gram Small Sweet-Sour
Small Caramel Control
* each bag of nibbles contained about 20 nibblesInternational Journal of Behavioral Nutrition and Physical Activity 2009, 6:38 http://www.ijbnpa.org/content/6/1/38
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Subsequently, the researcher showed the child pictures of
5 different drawings of faces representing 1) extremely
liked, 2) liked, 3) maybe liked, maybe disliked, 4) dis-
liked, 5) extremely disliked. The researcher explained the
meaning of the 5 faces by saying: "This is the face that you
make when you do not like something at all. This is a face you
make when you do not like something. This is the face you make
when you do not like it but also not dislike it. This is a face you
make when you just like something. This is a face you make
when you like something very much". Next, the child was
asked to score the most preferred product on the 5-point
facial scale. This procedure continued until all the stimuli
were scored on liking. All children understood the proce-
dure as suggested by the consistency between the ranking
and scoring part. This procedure has been used and vali-
dated across different cultures such as France [25], UK
[26], US [27].
Wanting
In order to obtain information about whether children's
wanting for the product changed after three weeks of
exposure, they were asked to taste the products and to rate
them on how much they wanted to eat of it right now (i.e.
really do not want to eat this-1 points; don't want to eat
this-2 points; I do not know- 3 points; I want to eat it- 4
points; I really want to eat it- points). Previous research
used similar explicit measurements of wanting [19,20].
Amount eaten
Children were free to consume any amount they wanted
with a maximum of one bag of Small snacks, or two bars
of the Large snack. Although snacks were offered every day
children could decide not to consume the snacks at all.
When children did not eat the whole bag or the two bars
they were provided, parents were asked to save it. Each
week the researchers collected and measured (grams) the
left-overs. Due to logistic reasons the amounts consumed
were measured on a group level rather than individual
level.
Data analyses
In order to determine significant differences between dif-
ferent products in initial liking and in initial wanting,
Friedman analyses for ranks and post-hoc (Bonferroni)
analyses were performed [28].
Changes in liking were analysed by comparing initial lik-
ing and wanting with the liking and wanting scores after
the 3 week exposure. Paired sample t-tests were performed
to investigate significant differences.
In order to investigate the association between food
choice and liking, and food choice and wanting, two sep-
arate Anova's per snack food were carried out. Anova 1:
independent variable = choice behaviour, dependent var-
iables = liking before and liking after the intervention.
Anova 2: independent variable = choice behaviour,
dependent variables = wanting before and wanting after
the intervention. Due to colinearity of liking and wanting,
and the small number of subjects per group, measures of
liking and wanting were not taken together in one Anova
model (SPSS version 14). Choice behaviour in this matter
was defined as: the number of times a particular snack was
chosen during the 3-week intervention, by children in the
CHOICE-group. P-values of less than 0.05 were consid-
ered statistically significant.
Results
Initial preference, liking and wanting
Before the intervention the products were differently pre-
ferred (F(4df) = 87.41; p < 0.0001) and liked (F(4df) =
65.10; p < 0.0001). Post-hoc analyses suggested that the
Large chocolate-hazelnut snack and the Control snack
were significantly less liked than the remaining snacks (all
above 4 on a 5-point liking scale) (p < 0.05). Furthermore,
the Large chocolate-hazelnut and the Control snacks were
significantly less wanted than the remaining products (all
above 3.5) (F(4df) = 101.35; p < 0.0001; post-hoc analy-
ses p < 0.05) (see Table 2)
Consumption of products
On average children consumed between 89% and 97% of
all the Small snacks (i.e. Small chocolate-hazelnut, Small
Sweet and Small Sweet-Sour) they were offered during the
three week intervention. Children who were asked to con-
sume the Large chocolate-hazelnut snack for 3 weeks, ate
Schematic overview of the procedure Figure 1
Schematic overview of the procedure. Measurements of liking (4 in total) and wanting (2 in total) are listed in grey blocks.International Journal of Behavioral Nutrition and Physical Activity 2009, 6:38 http://www.ijbnpa.org/content/6/1/38
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between 67% and 85% of their daily servings, this was a
statistically significant difference (F(3df) = 3.9; p < 0.05).
Difference in liking before and after exposure
As shown in Figure 2 upper panel differences in flavour
(Sweet vs Sweet-Sour) did not result in a different change
in liking. Children who consumed the Small Sweet as well
as children who consumed the Small Sweet-Sour both
reported a stable liking for the snacks they consumed
throughout the intervention.
Differences where, however, observed depending on size
of the snack food. That is, children who consumed the
Large chocolate-hazelnut snack on a daily basis for three
weeks, significantly decreased their liking for this snack
(t(39df) = 3.19; p < 0.01). In contrast with children who
consumed the Small chocolate-hazelnut snack for three
weeks. They did not decrease their liking for this product
during the intervention (t(40df) = 2.49; p = 0.10).
Children in the CHOICE-group tended to report a
decrease in liking for all products they could choose from
during the exposure period. This, however, only reached
significance for the Small chocolate-hazelnut snacks
(t(40df) = 2.88; p < 0.01) (Figure 2, lower panel). Chil-
dren who were not exposed to any experimental product
(control group) did not change their liking for any of the
snack products. Furthermore the Control snack which was
only offered at baseline and the end of the intervention
did not change in liking or wanting.
Difference in wanting before and after exposure
In contrast to liking, after children ate specific snacks daily
for three weeks their wanting to eat these products
decreased. This was independent from flavour, size (Fig-
ure 3, upper panel) or choice (Figure 3, lower panel) (all
p-value's < 0.05). Children in the control group did not
change their wanting for any of the products.
CHOICE group: Free choice during three weeks
Data from 4 subjects in the CHOICE group were incom-
plete, because parents failed to fill out which products
were chosen each day. This resulted in 37 complete
records of children in the CHOICE group. Only a few chil-
dren (5.4%, n = 2) did not switch between products dur-
ing the 3 weeks of the intervention and always choose the
Small chocolate-hazelnut snack to consume. Most chil-
dren (32.4%) switched between the three Small snack
foods which were made available to them. As shown in
Table 2: Initial liking and wanting scores of all children for Small chocolate-hazelnut, Large chocolate-hazelnut, Small Sweet and Small 
Sweet-sour snacks, n = 242
Snack Mean liking (± sem) Mean wanting (± sem)
Small chocolate-hazelnut 4.04 ± 0.68 3.76 ± 0.8
Large chocolate-hazelnut 3.27 ± 0.09 3.07 ± 0.09
Small Sweet 4.06 ± 0.06 3.80 ± 0.07
Small Sweet-Sour 4.0 ± 0.06 3.81 ± 0.08
Control 3.60 ± 0.07 3.07 ± 0.09
Mean (± sem)change in liking (from 1 = not liked at all, to 5  extremely liked) during a daily consumption of the Small  chocolate-hazelnut, Small Sweet, Small Sweet-Sour or Large  chocolate hazelnut snack Figure 2
Mean (± sem)change in liking (from 1 = not liked at 
all, to 5 extremely liked) during a daily consumption 
of the Small chocolate-hazelnut, Small Sweet, Small 
Sweet-Sour or Large chocolate hazelnut snack. 
Shown for children who did not have a choice (upper panel) 
and children who could freely choose between the Small 
snacks (lower panel). * signifies significant decrease in liking 
from baseline to end p < 0.05.
*
*International Journal of Behavioral Nutrition and Physical Activity 2009, 6:38 http://www.ijbnpa.org/content/6/1/38
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Figure 4 upper panel, on average the Small chocolate-
hazelnut snack was chosen the most often across the three
weeks of intervention (on average 2.9 times out of 7). On
average children's variety of snacks consumed was higher
in the first week compared to the last week (F(3df) = 7.66;
p < 0.05) (Figure 4 lower panel). Younger children (7 to 9
years of age) compared to older aged children (10 to 12
years of age), choose a large variety during the first week
(t = 2.1, p < 0.05). No differences were observer for the
second week (t = 0.95, p = 0.35), third week (t = -0.43, p
= 0.67) or total variety across three week (t = 0.98, p =
0.42).
Liking and wanting as predictors for choice
As shown in Table 3, the liking after the 3 week interven-
tion (with the liking-before-the intervention as covariate)
rather than the liking before the intervention was a signif-
icant correlate of food choice for all three snack foods. The
wanting after 3 week intervention (with the wanting-
before-the intervention as covariate) showed to be a cor-
relate for food choice for two out of the three snacks
(Small chocolate hazelnut and Small sweet sour). When
comparing the statistically significant effect sizes (B) of
liking and wanting on food choice, it can be concluded
that the effect size of liking on food choice is consistently
larger than the effect size of wanting on food choice
Discussion
This study investigated the influence of repeated con-
sumption of snack foods on children's liking and wanting.
This was tested with products which differed in Sweet-
Sour balance, or size in two different conditions (monot-
onous and free choice condition). First, it will be dis-
cussed how repeated consumption of snacks influenced
changes in liking and wanting in general. Subsequently, it
will be discussed how size (i.e. Small chocolate-hazelnut
vs Large chocolate-hazelnut), flavour profile (Sweet vs
Sweet-Sour), and freedom of choice influenced changes in
liking and wanting.
Mean (± sem) Wanting (before (clear bars) and after (solid  bars) a daily consumption of either the Small chocolate- hazelnut (n = 41), Large chocolate-hazelnut (n = 41), Small  Sweet (n = 40) and SmallSweet-Sour (n = 40) Figure 3
Mean (± sem) Wanting (before (clear bars) and after 
(solid bars) a daily consumption of either the Small 
chocolate-hazelnut (n = 41), Large chocolate-hazel-
nut (n = 41), Small Sweet (n = 40) and SmallSweet-
Sour (n = 40). Shown for children who did not have a 
choice (upper panel) and children who could freely choose 
between the Small snacks (n = 40, lower panel).* signifies sig-
nificant differences at P < 0.05
*
* *
*
Small sweet Large chocolate
hazelnut 
Small chocolate
hazelnut 
Small sweet
Sour
*
*
*
Upper panel- Mean number of times (± sem) children in the  CHOICE group choose either Small chocolate-hazelnut,  Small Sweet or Small Sweet-Sour snacks during the first, sec- ond and third week of the intervention (min = 0, max = 7) Figure 4
Upper panel- Mean number of times (± sem) children 
in the CHOICE group choose either Small chocolate-
hazelnut, Small Sweet or Small Sweet-Sour snacks 
during the first, second and third week of the inter-
vention (min = 0, max = 7). Lower panel- Mean number 
of different products (± sem) (out of 3: Small, Small Sweet, 
Small Sweet-Sour) children in the free CHOICE group (n = 
37) choose during week 1, 2 and 3.
1
2
3
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Previous studies showed that children increased their lik-
ing over repeated consumption of novel foods such as dif-
ferent cheeses [29] or novel vegetables [30]. In these
studies initial liking for these novel foods was moderate to
low, possibly due to children's food neophobic responses
[31]. It has been shown that liking for novel foods
increases after repeated consumption, because the novel
foods become more familiar to children [32]. This con-
trasts findings of the present study as liking of the snack
products remained relatively stable over time. Since these
products were very recently introduced to the Turkish
market, we may assume that children had no or little
exposure to these foods prior to their participation in our
study. Lack of increase in liking after repeated consump-
tion might be due to a ceiling effect because most prod-
ucts were highly liked at the start of the intervention.
The present study hypothesised that small sized snacks
resulted in less decrease of liking but not wanting, over
daily consumption for three weeks, than large sized
snacks. In the present study repeated consumption of
small sized snack foods indeed seemed to show a less
decrease in liking than a repeated consumption of large
sized snack foods. Wanting, however, showed a similar
decrease for small and large sized snack foods. At the same
time children consumed more of the Small chocolate-
hazelnut snacks during the three week intervention than
of the Large chocolate-hazelnut snacks.
The latter finding is in contrast to Weijzen et al's study
which focussed on sensory specific satiety in adults [22].
They suggested that adults consumed 12% less of small
sized food than large sized foods when given the snacks
during a one meal time occasion [22]. The present study
and Weijzen's study are, however, different. It has been
suggested that children, compared to adults show differ-
ent chewing behaviour. That is, adults have a higher mas-
ticatory performance and a higher bite force than children
[33]. Therefore, it may cost children more effort than
adults to eat large snack foods compared with small snack
foods. This may explain why children eat more of the
small snack foods than of the large snack foods over the
course of three weeks. Furthermore, Weijzen's study con-
cerned sensory specific satiety which can be seen as an
intra meal measurement of boredom. In the present study
boredom and intake was measured over a course of three
weeks. To date it is unclear, to our knowledge, whether
decreases in liking during one meal occasions are related
to decreases in liking after a prolonged exposure (i.e 3
weeks).
The effect of size on a decrease in liking might be related
to the amount of oral stimulation. Children may eat small
sized snacks faster than large sized snacks because they
need less mastication and a lower bite force to breakdown
the food before swallowing. It can be argued that when
eating at a high rate, the food stays in the mouth during a
shorter time than when eating slowly. Fast eating gives the
sensory receptors in the mouth less time to interact with
flavour and texture. This generates less sensory satiety of
the sensory receptors [22,34]. This is still highly specula-
Table 3: Anova 1-upper panel: association food choice (dependent variable) and liking (independent variables). 
model Liking
before after
F p B 95%CI B 95%CI
Small chocolate hazelnut 21.0 <0.001 0.65 -1.4 – 2.8 3.8 2.5–5.0
Small sweet 3.3 <0.05 0.58 -1.8 – 3.0 2.0 0.33–3.6
Small sweet-sour 9.0 <0.01 0.18 -1.4 – 1.7 2.5 1.3 – 3.7
model Wanting
before after
F p B 95%CI B 95%CI
Small chocolate hazelnut 14.0 <0.001 1.4 -0.26 – 3.1 2.5 1.4–3.5
Small sweet 0.49 0.62 0.68 -2.0 – 3.3 0.58 -0.70 – 1.9
Small sweet-sour 8.2 <0.001 0.38 -1.3 – 2.0 2.1 1.1 – 3.2
Anova 2- lower panel: association food choice (dependent variable) and wanting (independent variables). Data for children in the CHOICE group (n 
= 37). Food choice is defined as the number of times children in the CHOICE group choose a particular snack during the 3 week intervention.International Journal of Behavioral Nutrition and Physical Activity 2009, 6:38 http://www.ijbnpa.org/content/6/1/38
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tive because we did not measure speed of eating in the cur-
rent study.
The present study hypothesised that after daily consump-
tion for three weeks, the liking and wanting of sweet snack
foods would increase and the liking and wanting of sour
snack foods would remain stable. In the present study,
Sweet-Sour balance did not influence long term liking,
wanting or choice. A previous study with beverages which
differed in sweet-sour balance found that repeated expo-
sure to the sweet beverages increased liking for this bever-
age over time. Whereas repeated exposure to the sour
beverages did not result in a different pattern of liking
[10]. It could be that children were not able to taste differ-
ences between the sweet and sweet sour snack. However,
a small pilot with adults showed that 6 out of 8 people
reported the Sweet-Sour snack to be more sour than the
Sweet snack. Children, however, might have been less sen-
sitive to these small differences in taste than adults. An
alternative explanation could be that the Sweet and the
Sweet-Sour snacks were highly liked. In order for sweet-
sour balance to be able to increase long term liking, the
foods may need to be moderately liked as was the case in
the previous study [10].
In adults it has generally been found that liking decreases
after repeated exposure for a variety of foods (see [35] for
review). In the present study most products, except for the
Large snacks, remained stable in liking. This suggests that
on average children's liking remains stable for at least
three weeks. Potentially 3 weeks was not enough to show
a decrease in liking. Le et al [21], however, did also not
observe a change in liking for noodle soup when children
were exposed to this soup for 10 weeks. A decrease in lik-
ing for highly liked food might not be evident in children.
This may prevent children from trying out foods they
never tried, which could impact their dietary variety [36].
Wanting, however, decreased. This was most likely due to
the repeated exposure. Recall that children who did not
receive a repeated exposure to a particular snack food, did
not change their wanting for these foods. The decrease in
wanting was specific for flavour and size. For example,
children who daily consumed the small snack with choc-
olate hazelnut flavour decreased their wanting for this
particular snack but not for those snack with either a sim-
ilar size or flavour. This suggests that in order to prevent a
decrease in wanting, flavours and sizes may need to be
rotated during the week. This does not mean that children
should be given a wide variety of choice each day.
In the present study it was hypothesised that children who
could freely choose between snack products which dif-
fered in flavour and size would express a lower decrease in
liking and wanting, over daily consumption for three
weeks, than those who were not given a choice. In contrast
to our expectations, free choice did not prevent decrease
in liking and wanting in children. Recall that children
who were allowed to freely choose between 3 types of
Small snacks tended to decrease their liking for these
snacks during the course of three weeks. In adults it has
generally be found that giving consumers a choice
between different flavours prevented boredom with the
products [12]. This is most likely due to consumers' feel-
ing of control [23]. Possibly, children felt pressured by the
given choice (i.e. you have to choose) which negatively
impacted upon their liking and wanting. As pointed out
by Schwartz, making a choice may make us realize that we
missed out on the options we did not choose, which result
in a lower satisfaction of the one we did choose [37]. In
western societies children are overwhelmed by choice.
Crisps, soda and many other products come in multiple
flavours. Our research suggests that a large choice may
have a negative effect on liking and wanting of any one
specific product.
When children were given a choice we observed that after
trying different flavours during the first week of exposure,
children seem to pick their favourite and remain eating
this snack for the remainder of the intervention. This sug-
gests that initial success of different foods developed for
children, might be misleading. Children may not con-
tinue eating a high variety of different foods but rather
narrow down their choices. This might also be true for
much younger children than we tested. Nicklaus and col-
leagues found that children decrease the number of differ-
ent foods they eat between 2 and 3 years of age [38].
In the present study initial liking or wanting was not the
strongest predictor of food choice. Food choice was best
explained by the change in liking across the three weeks
intervention. Furthermore, children who initially pre-
ferred the Large snacks tended to show a stronger decline
in liking and wanting during the three week intervention
than those who initially preferred the Small snacks. This
suggests that consumer tests with children which select
potential successful products based on initial liking may
fail to select products which will be successful in the mar-
ket in the long term. This may also be the case for adults
[38].
Neither initial wanting nor the change in wanting played
a significant role in food choice. This does not mean that
wanting is irrelevant for children's food related behav-
iours. Recently it has been suggested that obese children
showed a higher wanting for foods than lean peers [39].
Differences in children's liking for particular tastes are
rarely observed [36]. Similar results have been obtained in
adults [40]. It has previously been suggested that wanting
depends on contextual factors such as the context inInternational Journal of Behavioral Nutrition and Physical Activity 2009, 6:38 http://www.ijbnpa.org/content/6/1/38
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which a particular food is given (or not given), and the
perceived appropriateness of consumption of particular
foods [14]. Wanting can therefore fluctuate depending on
the context in which a food is provided. Liking, as shown
in the present study and previous studies [38], is more sta-
ble. It can be hypothesised that liking determine the range
of food which are acceptable, whereas wanting plays a
dominant role in which food will be eaten and in which
quantity. This, however, needs to be tested in future
research.
The present study had several limitations. In order to try
to mimic a real life situation children were given the
snacks they initially liked most. Regression to the mean
effect could have accounted for differences observed
between the first measurement of liking and subsequent
measurements. After children were grouped based on
their liking for the different snacks it seems that those in
the Large-snack food group scored the large snack foods as
extremely liked. Because of this, they are more likely to
decrease their liking for this food than when the food had
not been extremely liked, as was the case for the remain-
ing groups. However, it needs to be noted that the present
data suggest that the liking of the large snack foods gradu-
ally decreased over the course of three weeks. Children in
the choice group were not selected based on their initial
liking but rather comprised of a random sample of all
children. Regression to the mean would therefore have lit-
tle effect on changes in liking for this group. But it is this
group which showed a decrease in liking for all products
they were exposed to.
Consumption was not individually measured. Therefore
we could not asses the relationship between liking &
wanting and food consumption. Future studies should
aim to investigate this relationship by measuring intake
per individual rather than on a group level.
During the intervention period snacks were consumed at
their children's home in their natural environment. By
doing this we tried to minimize the impact of the
researchers and lab-environment on children's rating of
liking and wanting. Therefore we had no control about
how the products were consumed (e.g whether children's
played with their food, how long it took to eat). Parents
were, however given strict instructions about how and
when to offer the snacks to the children.
Furthermore, in order to investigate the intrinsic proper-
ties of the products (smell, taste, texture), products were
provided unbranded. In real life, extrinsic product proper-
ties such as brand and nutritional messages are likely to
have a large influence on children food choice [41-43].
Future studies should therefore focus on extrinsic proper-
ties as well.
Conclusion
The present study suggests that children's liking for large
sized snack foods is more likely to decrease after a daily
consumption than identically flavoured Small sized
snacks. It needs to be investigated whether same princi-
ples hold true for foods which are not highly liked such as
vegetables. We hypotheses that smaller sized foods
encourage children to eat these food repeatedly due to the
lower amount of effort involved than when eating large
sized foods.
Decrease in liking during daily consumption of the same
food was a better predictor of food choice than initial lik-
ing. Therefore a liking test with children based on a once
off tasting may not represent market success. Wanting
decreased more after daily consumption than liking. It
remains to be determined how this decrease in wanting
affects children's food consumption. Sensory testing with
children should therefore not only focus on liking, but
rather on liking & wanting.
Furthermore, choice appears to have a negative effect on
liking. It is therefore recommended to offer children a lim-
ited choice rather than an unlimited choice.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
DGL designed the study, analyzed the data, and conceived
and drafted the original manuscript. EHZ provided critical
feedback on study design and drafts of the manuscript. All
authors read and approved the final manuscript.
References
1. Ricketts CD: Fat preferences, dietary fat intake and body
composition in children.  Eur J Clin Nutr 1997, 51:778-781.
2. Perez-Rodrigo C, Ribas L, Serra-Majem L, Aranceta J: Food prefer-
ences of Spanish children and young people: the enKid study.
Eur J Clin Nutr 2003, 57(Suppl 1):S45-S48.
3. Olson CM, Gemmill KP: Association of sweet preference and
food selection among four to five year old children.  Ecol Food
Nutr 1981, 11:145-150.
4. Guinard JX: Sensory and consumer testing with children.
Trends Food Sci Technol 2001, 11:273-283.
5. Desor JA, Greene LS, Maller O: Preferences for sweet and salty
in 9- to 15-year-old and adult humans.  Science 1975,
190:686-687.
6. Drewnowski A: Sensory control of energy density at different
life stages.  Proc Nutr Soc 2000, 59:239-244.
7. Mennella JA, Pepino MY, Reed DR: Genetic and environmental
determinants of bitter perception and sweet preferences,
sensory control of energy density at different life stages.  Pedi-
atrics 2005, 115:E216-E222.
8. Wardle J, Cooke LJ, Gibson EL, Sapochnik M, Sheiham A, Lawson M:
Increasing children's acceptance of vegetables; a rand-
omized trial of parent-led exposure.  Appetite 2003, 40:155-162.
9. Cooke L: The importance of exposure for healthy eating in
childhood: a review.  J Hum Nutr Diet 2007, 20:294-301.
10. Liem DG, De Graaf C: Sweet and Sour Preferences in Young
Children and Adults:Role of Repeated Exposure.  Physiol Behav.
2004, 83(3):421-429.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
International Journal of Behavioral Nutrition and Physical Activity 2009, 6:38 http://www.ijbnpa.org/content/6/1/38
Page 10 of 10
(page number not for citation purposes)
11. Hetherington MM, Pirie LM, Nabb S: Stimulus satiation: effects of
repeated exposure to foods on pleasantness and intake.
Appetite 2002, 38:19-28.
12. Zandstra EH, De Graaf C, van Trijp HC: Effects of variety and
repeated in-home consumption on product acceptance.
Appetite 2000, 35:113-119.
13. Zandstra EH, Weegels MF, Van Spronsen AA, Klerk M: Scoring or
boring? Predicting boredom through repeated in-home con-
sumption.  Food Qual Pref 2004, 15:549-557.
14. Mela DJ: Eating for pleasure or just wanting to eat? Reconsid-
ering sensory hedonic responses as a driver of obesity.  Appe-
tite 2006, 47:10-17.
15. Berridge KC: Food reward: brain substrates of wanting and lik-
ing.  Neurosci Biobehav Rev 1996, 20:1-25.
16. Finlayson G, King N, Blundell JE: Liking vs. wanting food: Impor-
tance for human appetite control and weight regulation.
Neurosci Biobehav Rev 2007, 31:987-1002.
17. Fisher JO, Birch LL: Restricting access to foods and children's
eating.  Appetite 1999, 32:405-419.
18. Fisher JO, Birch LL: Restricting access to palatable foods affects
children's behavioral response, food selection, and intake.
Am J Clin Nutr 1999, 69:1264-1272.
19. Jansen E, Mulkens S, Jansen A: Do not eat the red food!: Prohibi-
tion of snacks leads to their relatively higher consumption in
children.  Appetite 2007, 49:572-577.
20. Jansen E, Mulkens S, Emond Y, JAnsen A: From the garden of Eden
to the land of plenty:. Restriction of fruit and sweet intake
leads to increased fruit and sweet consumption in children.
Appetite 2008, 51:570-575.
21. Le HT, Joosten M, Bijl-van-der J, Brouwer ID, Graaf C, Kok FJ: The
effect of NaFeEDTA on sensory perception and long term
acceptance of instant noodles by Vietnamese school chil-
dren.  Food Qual Pref 2007, 18:619-626.
22. Weijzen PLG, Liem DG, Zandstra EH, De Graaf C: Sensory specific
satiety and intake: The difference between nibble- and bar-
size snacks.  Appetite 2008, 50:435-442.
23. Raynor HA, Niemeier HM, Wing RR: Effect of limiting snack food
variety on long-term sensory-specific satiety and monotony
during obesity treatment.  Eat Behav.  2006, 7(1):1-14.
24. Birch LL: Dimensions of preschool children's food prefer-
ences.  J Nutr Educ 1979, 11:77-80.
25. Leon F, Marcuz MC, Couronne T, Koster EP: Measuring food lik-
ing in children: a comparison of non-verbal methods.  Food
Qual Pref 1999, 10:93-100.
26. Guthrie CA, Rapoport L, Wardle J: Young children's food prefer-
ences: a comparison of three modalities of food stimuli.
Appetite 2000, 35:73-77.
27. Birch LL, Sullivan SA: Measuring children's food preferences.  J
School Health 1991, 61:212-213.
28. Siegel S, Castellan NJ, Siegel S, Castellan NJ: The case of k related
samples.  In Nonparametric statistics Volume 2. Boston: Mc Graw Hill;
1988:168-189. 
29. Birch LL, Marlin DW: I don't like it; I never tried it: effects of
exposure on two-year-old children's food preferences.  Appe-
tite 1982, 3:353-360.
30. Wardle J, Herrera ML, Cooke L, Gibson EL: Modifying children's
food preferences: the effects of exposure and reward on
acceptance of an unfamiliar vegetable.  Eur J Clin Nutr 2003,
57:341-348.
31. Pliner P, Loewen ER: Temperament and food neophobia in chil-
dren and their mothers.  Appetite 1997, 28:239-254.
32. Birch LL, McPhee L, Shoba BC, Pirok E, Steinberg L: Looking vs.
tasting.  Appetite 1987, 9:171-178.
33. Julien KC, Buschang PH, Throckmorton GS, Dechow PC: Normal
masticatory performance in young adults and children.  Arch
Oral Biol.  1996, 41(1):69-75.
34. Zijlstra N, Mars M, de Wijk RA, Westerterp-Plantenga MS, De Graaf
C: The effect of viscosity on ad libitum food intake.  Int J Obes
(Lond).  2008, 32(4):676-683.
35. Sorensen LB, Moller P, Flint A, Martens M, Raben A: Effect of sen-
sory perception of foods on appetite and food intake: a
review of studies on humans.  Int J Obes Relat Metab Disord 2003,
27:1152-1166.
36. Falciglia GA, Couch SC, Gribble LS, Pabst SM, Frank R: Food neo-
phobia in childhood affects dietary variety.  J Am Diet Assoc
2000, 100:1474-1481.
37. Schwartz B: The paradox of choice. Why less is more New York: Harper
Collins Publishers inc; 2004. 
38. Nicklaus S, Boggio V, Issanchou S: Food choices at lunch during
the third year of life: high selection of animal and starchy
foods but avoidance of vegetables.  Acta paediatrica (Oslo, Norway:
1992) 2005, 94:943-951.
39. Temple JL, Legierski CM, Giacomelli AM, Salvy SJ, Epstein LH: Over-
weight children find food more reinforcing and consume
more energy than do nonoverweight children.  American Journal
of Clinical Nutrition 2008, 87:1121-1127.
40. Saellens BE, Epstein LH: Reinforcing value for food in obese and
non-pbese women.  Appetite 1996, 27:41-50.
41. Robinson TN, Borzekowski DL, Matheson DM, Kraemer HC: Effects
of fast food branding on young children's taste preferences.
Arch Pediatr Adolesc Med.  2007, 161(8):792-797.
42. Bannon K, Schwartz MB: Impact of nutrition messages on chil-
dren's food choice: Pilot study.  Appetite 2006, 46:124-129.
43. King L, Hill AJ: Magazine adverts for healthy and less healthy
foods: effects on recall but not hunger or food choice by pre-
adolescent children.  Appetite 2008, 51:194-197.